INTRODUCTION
Members of the genera Pseudomonas and Xanthomonas constitute more than threequarters of all phytopathogenic bacteria (Stolp, Starr & Baigent, 1965) . The xanthomonads are usually recognizable by their distinctive morphological, physiological and biochemical properties (Starr & Stephens, 1964) . Species differentiation, however, is not possible using the standard bacteriological tests (Burkholder & Starr, 1948 ; Dye, 1962) . With the present nomenclature, such differentiation can be accomplished only if the host plant of a given bacterium is known (Starr, 1959) .
There has been a growing dissatisfaction with the splitting of Xanthomonas into so many species based solely on host specificity (Stolp et al. 1965 ) and it has been suggested that most of the xanthomonads should be regarded as one species. Nevertheless, specific pathogenicity was found to be a relatively stable character at the species level (Logan, 1960 ; El-Sharkawy, I 964; Schnathorst, I 966).
The high degree of similarity among Xanthomonas species, on the basis of their physiological and biochemical properties, was also demonstrated by Adansonian analyses (Colwell & Liston, 1961 a, b; Colwell & Mandel, 1964) and by DNA base composition and hybridization studies (De Ley & Friedman, 1965; De Ley et al. 1966) . It has been suggested on the basis of GC content, that the genus Xanthornonas should be abolished and its members included under Pseudomonas campestris (De Ley, 1968) .
Gel electrophoresis has been used as a diagnostic and a taxonomic aid by several workers. Cultural and electrophoretic procedures and preparation of cell-free extracts are described in the accompanying paper (El-Sharkawy & Huisingh, 1971) .
Localization of enzymes. Activity of dehydrogenases was located after electrophoresis by immersion of the gels in a reaction mixture containing 10 ml. of 0.1 M-tris-HCl buffer, pH 8.3, 8 ml. distilled water, 13 mg. NAD, 9 mg. nitroblue tetrazolium chloride (NBT) in I ml. acetone, 3 mg. phenazine methosulphate (PMS) in I ml. acetone, and either 0.134 g. DL-malic acid, 0.025 g. lactic acid, or 0.32 DL-a-sodium glycerophosphate. Glucose-6-phosphate dehydrogenase was located using a reaction mixture containing 10 ml. of 0.1 Mtris-HC1 buffer, pH 73; 8 ml. distilled water; 6 mg. NADP; 9 mg. NBT in I ml. acetone; 3 mg. PMS in I ml. acetone; 2 mg. MgCl,; and 0.05 g. P-glucose-6-phosphate. Gels were incubated at 2 2 " to 2 5 " in the dark for 5 to 15 min. depending on enzyme activity. Control gels were incubated in the reaction mixtures lacking the substrate. The oxidation of a substrate catalysed by its corresponding dehydrogenase was shown by blue bands of reduced tetrazolium (formazan) in regions containing the dehydrogenase. Prolonged incubation (over 30 min.) resulted in non-specific formazan deposition.
Esterase activity was located by incubating gels in a reaction mixture containing 0.03 g. Electrophoresis of Xanthomonas proteins 157 distilled water after they had been kept in 0.1 M-phosphate buffer, pH 7.0, for 10 min.
Controls were run by replacing the a-naphthyl acetate solution with 0.5 ml. of 50 % acetone.
Phosphatases were detected by using the following reaction mixture: 0.025 g. Fast blue RR salt ; 0.25 g. polyvinyl pyrollidone; 0.025 g. a-naphthyl acid phosphate; and three drops each of 10 % MgCl, and 10 % MnCl, in 25 ml. of buffer. Acetate buffer (OBI M), pH 4.6, was used for acid phosphatase, and Poulik buffer (9-2r g. tris, 1 -0 5 g. citric acid and I 1. water), pH 8.8, for alkaline phosphatase. For the latter, 1.0 g. NaCl was added. In most cases, incubation for 30 min. at 22" to 25" in the dark was required.
RESULTS
General protein patterns. Bacterial species tested gave consistent characteristic patterns of negatively charged proteins which were different for each species. Isolates representing a given Xanthomonas species generally exhibited a very similar characteristic pattern; however, some variations occurred. These variations, among isolates, were largely quantitative, i.e. in the relative density of bands; some minor bands were resolved in extracts of some but not all isolates of a given species, though the general species relationship was always evident (Fig. I) . The figures do not include all isolates examined.
Variation was evident among isolates of Xanthomonas albilineans. The four isolates showed three different patterns. Strain E-922 had a pattern which appeared to be intermediate between that of ~~-2 3 5
and ~~-2 9 9~ on the one hand and E-1244 on the other. Among 18 isolates labelled as X. malvacearum 14 showed practically the same pattern except for some minor bands. The remaining four isolates gave two additional patterns which included ~~1 0 4 and X M I I~ in one, and ZGI and Z G 4 in the second. An isolate of X . phaseoli var. fuscans xp32 had a characteristic pattern different from that exhibited by three isolates of the closely related X. phaseoli X P~, X P I O~ and ~~1 1 6 .
Minor differences were observed among isolates of X . fragariae XFIO, X F I~, ~~2 6 , ~~3 2 and ~~1 0 2 and were confined to the resolution of some very weak bands in some of the five isolates tested. These weak bands were not always resolved in different electrophoretic runs. Similarly, slight variations were also observed among isolates of X . campestris and X. vesicatoria.
Electrophoretic enzyme patterns. Multiple forms of esterases were detected in most species, although a single band of activity was demonstrated in the two isolates of Xanthomonas dieflenbachiae XD and XD 102 (Fig. 2) . Observed variations among isolates of a given species were mainly quantitative and not qualitative. Exceptions to that, however, were found. The four X. albilineans isolates showed three different esterase patterns. Twelve of the 14 X. vesicatoria isolates had qualitatively identical patterns, whereas the remaining two isolates xv16 and xv148 were similar to each other and different from the others. Also, isolates XM 104 and XM I 12 of X . malvacearum had different esterases from those of ZG I and Z G~ and these two patterns were different from the characteristic X. malvacearum esterases exhibited by the remaining 14 isolates. Otherwise all isolates had taxon-specific esterase patterns.
Acid phosphatases were also of a multiple nature in several xanthomonads. Characteristic taxon-specific patterns were found. Those isolates which deviated from the specific patterns in their esterases similarly showed variations in their acid phosphatases in most cases (Fig. 3) . Alkaline phosphatase activities were identical with those of acid phosphatases, but exhibited lower enzymatic activity.
With regard to malate dehydrogenase (Fig. 4) , many species had similar patterns but differed in their relative electrophoretic mobility. All species examined showed a multiple form of the enzyme except Xanthomonas aZbiZineans isolates which possessed a single activity band. 
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The activity of glucose-6-phosphate dehydrogenase was quite high in all species. The multiple nature of the enzyme was evident with the majority of the species. Only isolates of Xanthomonas albilineans, X. pruni and some isolates of X . vesicatoria possessed a single band of activity. The majority of species with multiple enzyme forms had similar patterns, not identical, however, in their relative electrophoretic mobilities (Fig. 5) . The greatest degree of variation in patterns of these two dehydrogenases, both qualitative and quantitative, was evident among isolates of X. vesicatoria.
a-Glycerophosphate dehydrogenase provided the same characteristic pattern for all Xanthomonas species examined. The activity was evident as a single band restricted to the top of the separation gel. In no case was enzymatic activity evident within the gel. No lactate dehydrogenase activity was detected in any of the strains examined. The extent of variation in RF values did not exceed 0.0075 unit in different runs under our experimental conditions.
DISCUSSION
Similarities in the electrophoretic patterns of negatively charged proteins extracted from different isolates of a given xanthomonad may indicate similarity in the metabolism of these organisms. The occurrence of taxon-specific protein patterns may be a reflexion of basic differences related to their highly developed host specificity and may permit a significant advance in our ability to differentiate between these species because, until now, differentiation was not possible by the standard laboratory tests. This may provide a useful approach to studies of speciation and host specificity amongst the xanthomonads.
All xanthomonads tested have active esterase systems. The taxon-specific esterase patterns show that esterase typing can be used in the differentiation and identification of most Xanthomonas species as has been reported with other bacteria (Lund, 1965; Morichi et al. 1968) . The specific esterase pattern appears to be significant at the species level, particularly in Xanthomonas malvacearum whose virulent isolates did not behave as one race in pathogenicity studies (El-Sharkawy, 1967) . Also, the isolate X M~ was avirulent, yet it had the typical esterase pattern exhibited by the virulent isolates. On the other hand, isolates XM 104, XM I 12, ZG I, ZG4 which were non-pathogenic to cotton did not fit into the taxon-specific pattern. This might indicate that they were either misidentified in the first place or that loss of virulence was accompanied by changes which affected their isozymic patterns.
All species showed phosphatase activity, although to varying degrees in form and intensity. Some species had multiple phosphatases, while others showed a single band of activity. The fact that both acid and alkaline phosphatases were similar may indicate the presence of enzyme forms that can act under both acidic and basic pH ranges.
The presence of distinct and specific patterns in these hydrolytic enzymes, i.e. esterases and phosphatases, make them of great value in differentiating and identifying species of this group of phytopathogenic bacteria.
On the other hand, the dehydrogenases examined did not differ greatly from one species to another as was evident in both malate and glucose-6-phosphate dehydrogenases. Although the activity of a-glycerophosphate dehydrogenase was restricted to the top of the separation gel and was not resolved into separate bands, its presence is an indication of an active glycolytic capability. Such a pattern is probably of significance at the genus level since representatives of other phytobacterial genera lacked it. Whether the enzyme is of such large molecular weight as to interfere with its migration or whether it possesses a low net negative charge should be determined. Only nine of the 69 isolates from the 21 Xanthomonas species differed appreciably from the taxon-specific patterns observed. The reason for this is not 
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clear at this time. It may be due to improper identification of the species of the isolate, to mutation or to lysogenic phage infection. It is concluded that Xanthomonas taxa, separable only on the basis of specific pathogenicity, could be differentiated by their characteristic soluble protein complements. Different taxa had distinct patterns; however, because of the large number of protein bands resolved it might be difficult to depend solely on soluble protein patterns for identification purposes.
Among the enzymes studied, esterases and phosphatases appear to be taxonomically more valuable than malate and glucose-6-phosphate dehydrogenases. It is also concluded, with reservation, that the pattern of a-glycerophosphate dehydrogenase is characteristic of the genus.
The high degree of reproducibility makes the gel electrophoretic technique a very useful tool for taxonomic differentiation of phytopathogenic xanthomonads and may help with other groups of pathogens.
